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1 
The invention relates generally fo control 
systems, and more particularly fo electrical con- 
trol systems for use with a machine tool. 
An object of the invention is the provision 
or a control system ïor a lathe ïor automatically 
varying the apeed o£ the spindle fo maintain a 
constant surface cutting speed of a workpiece 
ai any continuously variable predeterminable 
peed setting. 
Another object of the invention is the provi- 
sion of a control system for a lathe wherein the 
spind!e motor is capable of being manually varied 
in speed over a range ai least equal fo the dif- 
ferenee between successive gear ratios of the 
lathe and is also capaSle of being automatically 
varied over a second range of speed in accord- 
ance with variation in the movement of the cross- 
slide in order fo maintain a substantially con- 
ant surface cutting speed of a workpiece. 
Otheï objecte and a fuller understanding of 
the invention may be had by referring fo the 
following dscripticn and claims, taken in con- 
junction with the accompanying drawing, in 
which: 
Figure ! diagrammatically depicts a contro! 
system for a lathe incorporating the features of 
the nvention; and 
igure 2 is a graph of the spindle ve. motor 
speds and a]so spindle speed ve. diameter of the 
workpiece in inches. 
The invention relates enerally to ail forme 
of machines having a rotating body, and more 
particular]y fo machine tools that have a rotat- 
ing woïkpiece fo be cut. Although if will readily 
be seeu that the invention may be adapted for 
se with any forn, of machine tool, such as a 
miilin. machine, we have chosen fo. show the pre- 
frï-ed emodiment of out invention as adapted 
for use with an engine lathe. 
The control system is shown as being used with 
a lathe I I that has a cross-slide I for carrying 
a tool ! fo eut a workpiece I. The lathe has 
a customary gear box 15 with a gea lever  foi" 
elcctin one of a purality of different gearing 
ncan for drivh. the workpiece 14 ai different 
p:eds. A spindle .otor Il is shown for rotat 
ig the v«orkpiece 4. V/e bave chosen fo show 
the spindle motor  as a direct current moto», 
haadng a field I that is excited from a direct 
current source 9. A direct current generator 
9 is adapted fo supply direct current energy fo 
the spindle motor IL The direct current gen- 
erator 0 has an armature   adapted fo be driven 
by a pïimc mover , and a iïeld . The gen- 
erator field ] is adapçed fo be supplied by a 
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2 
controllable rectifier 2,. The controllable recti- 
fier 2 is adapted fo supply energy fo a lïrst po- 
tentiometer  , which in turn is adapted fo supply 
a wxyin voltage to the generator field . The 
5 conroitab]e rectifier 2 includes a full-wave 
gaseous rectifier system , a tiret biasing means 
 for w.rying the bias of said gaseous rectiiïer 
system , end compensatin means  for com- 
pensstingly varying the bias of said gaseous rec- 
10 tifier system 2 in accordance with varyin load 
requirements of the controllab!e rectifier . The 
gaseous rectiïïer system , is shown as a full- 
wave rectifier system emp!oying tiret and second 
rectifier tubes 9 and 9. The gaseous recifier 
15 system  i, supplied fro an alternating cur- 
rent source f through a transformer 2. The 
gasecus ïectifier system  is shown as being con 
trolled by a direct current bias with an alternat- 
ing current rider, the direct current bias being 
20 supplied by the charge on condensers 33 and  
as chared by grid current flow, and the alter- 
nating cuïrent rider is furnished by a grid trans- 
former 35. The upper plates of the condensers 
35 and 3 are negative with respect fo the lower 
5 plate thereof, as shown in the figure, so that the 
rectifier system  biases itse!f nearly fo cut-off 
by the charge on these condensers 3 and . 
The tiret biasing means  includes a tiret ther- 
ïïfionic tube S and a second potentiometer $. 
30 Ths fir% therïnionie tube 3 is so connected to 
the gaeou rectifier system -¢ so that the tiret 
thermionie tube S discharges the condensers  
and ï at  rate deteïmined by the setting of 
the second potentiometer . The compensat 
3 inç means  includes a second thermionic tube 
3, a third iotentiometer 39, a maximum speed 
potentiometer ] and a minimum speed poten- 
tiometer 4. The second thermionic tube 38 
bas a gr.id 4 and a. cathode 43. The cathode 
40 48 i connected through the minimum speed po- 
tentiometer 41 and the third potentiometer 39 
fo the neative trminal of the gaseous rectiiïer 
»ystem 2. The maximmïî speed potentiometer 
.0 is connected between the positive and nega- 
45 tire terminais of the gaseous rectifier system, and 
the grid  is connected to this maximum speed 
potentiometer  fo obtaioE a positive potential 
therefrom relative fo the cathode . 
A li.nkaçe means 4 .,s adapted fo connect the 
0 c, rcss-slide t2 with the second poteniometer  
and serres the purpose of varying the bias on 
the tiret thermionic tube 3, which in turn varies 
the output of the contro]lable rectifier 2. The 
output of the controfiable rectifier  supplies 
55 a Val'ying voltage fo the field 23 through the 



,600,988 

3 
manually controllable first potentiometcr 5. 
%his variable voltage applied te the generator 
field 23 issued te control the output voltage of 
the generator 20, which iloE turn co,.]trols the 
speed of the spindle motor 
through the gearbox $5 controls the rotational 
speed of the workpiece $. Constant surface 
cutting speed may theïefore be obtained by hav- 
ing the cross-slide vary the speed of the work- 
place 14 as the cïoss-slide 
relative te the axis of the workpiece 
Indicating means 45 is incorporated into the 
control system te provide a convenient methcd of 
determining the surface speed at which the con- 
trol system is set at any given rime. The indi- 
cating means 45 includes an indicating member 
4 which is shown as a direct current voltmeter, 
a tapped resistor ] having a plurality of taps, 
a tap switch 8 having a switch lever 9, and v/ith 
the tap switch connected te the taps on the tap 
resistor , a third rectifier tube .8 and a fourth 
potentiometer 
the third rectifier tube 51, and the tapped resis- 
ter ] with the tap switch  in paralleI there- 
with are connected in series across the alternat- 
ing" current source 3] te obtain a source of volt 
age. A switch 52 is connected in the line frein 
the alternating current source 31, and serves te 
control the fiow of power te both the indicting 
means  and the controllable rectifier 24. The 
indicating mater 45, for this preferred embodi- 
ment of our invention, has been shown as 
direct current voltmeter that indicates the rec- 
tifier voltage across the fourth potm.tiometer 
Linkage means 53 cormects the switch lever 4 te 
the gear lever 8 of the gear box 5 se that these 
two lavera are moved in direct accord. Linkage 
means  is used te interconnect the first poten- 
tiometer , the third potentiometer 3S, and the 
fourth potentiometer 5 se that these three po- 
tentiometers more in unison. 
The operation of the control system is adapted 
te provide a continuously variable ara'face cut- 
ting speed of the workpiece 
and te maintain this surface cutting speed con- 
stant over a wide range of distance moved by the 
tool . It will be apparent that when the tool 
 is cutting at the largest diameter of the work- 
place 1, the spindle motor  wi!l be running at 
ifs slowest speed with the spindle motor increas- 
ing in speed as the tool  is moved toward the 
axis of the workpiece 4, and the speed of the 
spindle motor  approaching infmity as the tool 
3 approaches this axis of the workpiece 4. Te 
approach an infinite speed is impractical, there- 
fore the range of speed of this spindle motor 
bas been limited te a practical and useful range, 
and in its preferred embodiment of the invention 
bas been chosen te be about an eight-to-one 
range of speed of this spindle motor . This 
means that the second potentiometer  must 
vary the output of the controllable rectifier 24 
over a range of eight-to-one in order te obtain 
this variation of eight-to-one in the speed of 
the spindle motor . The first biasing means 
is easily capable of causing this eight-to-one 
variation in the output of the controllable rec- 
tifier 4. The first biasing means is se cern- 
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degree, which establishes a lesser direct cuïïemt 
bias on the gaseous rectifier system 26, permitting 
a greater power output frein thc controllablc 
rectifier 21 te thereby increase the speed of thc 
spindle motor I. Thus it will be seen tha as 
the tool 13 moves toward the axis of the work- 
piece 14, the rotational speed of the workpiece 
increased te provide a constant surface cutting 
speed over a rane fixed by the limits of the con- 
l0 trol system and by the limits of movement of the 
cross-slide 12, which range in the preferred em- 
bodiment of the invention bas been chosen as 
eight te ena. 
The gearbox 15 has been showp- as having 
lI selectable geaïing means, saLera,le by the 
lever 15. The gearing means may be oï a con- 
ventional ferre, and may have any suitable ratio 
between successive gearing means. The gear- 
ing means shou!d preferably have identica! or 
20 nearly identical steps or fl]cïements between suc- 
cssive gearing means. If the increments are 
identica!, then each gear speed would be X time. 
as great as the preceding gear speed. Thc in- 
crement X would be a number in the order of 2, 
25 or 3, and merely by way of example, the value 
of 2 for X has been choscu. This would mean 
that if 250 1. P. M. was the maximum spec,:i 
of the spindle or workpiece  for the maximum 
or rated speed of the pindle motor 17 in first 
30 gear, then second geaï would cause a doubling 
of this maximum speed, or 500 R. P. -ï., the 
third gear giving a maximum of 1000 . P. 1.[., 
and the high speed giving a maximum of 2000 
R. P. M. of this spindle or workpiece !. By 
35 way of illustration, let it be assumed that th 
workpiece i bas a maximum diameter of 14 
inches, which would mean a. minimum diameter 
of 1.75" for the illustration cî 8:1 variation in 
speed mentioned above. In fourth gezr, with a 
-o maximum spindle or workpiece speed of 2000 
1. P. M., and a minimum speed of 250 . P. 
the maximum surface cutting speed wou!d be 
916 feet per minute. This may be calculated 
by the formula: diameter ×,-r× R. P. M.:sur- 
45 face feet per minute (ft./min.). 
14" X r X 2aO = 916'/mm. = l-'ï X X20OO 
12 
Therefore, the maximum surface speed 
50 fourth gear wouid be 915'/mim; iu third gear, 
458'/rein; in second gear 229'/rein: and in fir«t 
gear, ll5'/min. 
In the prier art practice of control systems, it 
was only possible te obtaim a constant surface 
55 cutting speed over the full range at any ena of 
the gearing means in the gearbox 5. The pres- 
ent invention provides for constant surface cut- 
ring speed of the given range, in this case eight- 
te-ena, over a continuous!y variable range of 
0 speeds. The first potentiometer 25 is used te 
provide this feature of continuously variable 
range of speed, and in the preferred embodi- 
ment of the invention is shown as being manu- 
ally controllable. The lu'st potentiometer 25, as 
05 hereinbefore stated, is acrosa the output of the 
controllable rectifier 2, and controls the amount 
of voltage applied te the generator field . The 
first potentiometer 5 has a range of variation 

trolled by the cross-slide 12 tht as the cross- at ]east equal te the increment between the 
slide 12 moves the tool I toward the axis of the ïo speed ratios of successive gearing means of the 
workpiece I1, the movement of the second po- gearbox 15. Since we have chosen te show the 
tentiometer 3 causes a lasser bias on the first successive gearing means of the gearbox 15 as 
thermionic tube 6, the first thermionic tube . having a two-te-one increment or step between 
therefore passes a greater amount of cm'tant te successive speed ratios, we have se constructed 
discharge the condensera  and ll te a greater ï5 the first potentiometer 25 te obtain at least a 
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two-to«one variation in the output voltage of 
the controllable rectifier 24 that is applied to the 
generator fleld 23. The voltage output ïrom the 
controllable rectifier 24 therefore is manually 
controllable by the first potentiometer 25 fo oh- 
tain a two-to-one speed variation in the spindle 
motor ! 1 and thereïore effect a two-to-one varia- 
tion in the rotational speed of the workpiece !4, 
in addition fo the speed range afforded by the 
gearing means of-the geaïbox :,. The comblna- 
tion of the two-to-one speed variation provided 
by the flrst potentiometer 2, and the speed 
range obtainable by selecting gears of the gear- 
box !, provides the aforementioned result of 
obtainirg a continuously variable speed range 
within the capabilities of the particular machine. 
The eight-to-one variation in the speed of the 
spindle motor !1 in accordance with movements 
of the cross-side !2 is hot altered by this varia- 
tim in the output voltage by the first potentiom- 
eter 2 . 
If the lathe operator desires any cutting speed 
between 916 and 458 feet per minute, the oper- 
ator will move the gear lever 0 to the high posi- 
tion thereby obtaining a maximum surface speed 
of 916 ft./min. The first potentiometer 25 may 
then be manually varied fo reduce this maxi- 
mum speed of the spindle or workpiece 4 fo the 
desired value. If the lathe operator desires a 
surface cutting speed betow 458 R. P. tf., the 
gear lever !0 is changed to the third position, 
obtaining a maximum surface cutting speed of 458 
feet per minute, which ma.y be reduced fo as low 
as 229 feet per minute by the manual operation 
of the first potentiometer 2. In the low gear 
position of the gearbox l, the surface cutting 
speed may be varied from a maximum o 115 fo 
as low as 5 feet per minute, thereby permitting 
the operator the choice of any continuously vari- 
able surface cutting speed between 57 feet per 
minute and 916 feet per minte, which !in]ifs bave 
been taken merely y way of example, ad not 
as a limit fo the capabilities of the control sys- 
rem. 
To more fully explain the operation of the cir- 
cuit, the Figure 2 wfll next be referred fo. The 
Figure 2 shows straight lines depicting spindle 
speeds vs. motor speeds for the four gears as 
chosen in-the examp!e. The four gears have 
been shown as having a 2:1 variation between 
each successive gearing means. The fouïth gear 
or highest gear has been shon as direct drive, 
that is, with a sDindle speed of 2000 R. P. 1VL the 
motor peed is likewise 2000 . P. _ï¢. For the 
third gear, a 2000 R. p. M. speed of the motor 
produces a 1000 R. . lYI. speed of the spindle, 
and likewise second gear provides 509 . P. 
maximum spindIe speed and lïrst gea.r provides 
maximum 250 R. P. M. spindle speed. The afore- 
mentioned spindle speeds are the maximum ob- 
tainble, and represent that speed obtained af a 
maximum motor speed. The line G I shows the 
fourth gear maximum speed and is a 45 degree line 
as depicted on the graph of Figure 2. Likewise 
lines 2, 03 and 04 are the third, econd and first 
gear maximum speeds respectively. The line  is 
the fourth gear minimum speed and likewise the 
lines 00 0J and 0 are the third, second and first 
gear minimum speeds respectiveIy. Since the 
second potentiometer 3 automat.ice, IIy provides 
an 8:1 variation in the speed of the spindle and 
the motor for any given surface cutting speed 
setting of the first potentiometer 2, this 
variation in speed is ïepresented by the horizon- 
tal distance between any pair of lines represent- 

6 
ing the maximum and minimum speeds obtain- 
able int_he particular gear ratio being used, such 
as between the lines 01 and . 
The vertical scale bas been shown as surface 
5 cutting speed as. well as spindle 1. P. h,ç., and 
this surface cutting speed bas been calculated for 
a workpiece diameter of 14 inches maximum. 
This 14 Inch .diameter maximum workpiece bas 
been taken merety by way of exampte and does 
0 hOt represent a limit of the machine or control 
system. For a 1'4 inch diameter workpiece with 
a 250 R. P. M. spind!e speed the surface cutting 
speed is calculated tobe 916 surface feet per min 
uie. TO maintain this 91G surface cutting speed 
i5 constant thr0ughout the 8:1 range, the spindle 
speed must vary from 20 1. P. I,... to 2000 
R. P. M: as the workpiece diameter decreases fo 
1.75 inches, or 0ne-eighth the o'iginal diameter. 
The curve 9 is a plot of the_ spindle 1. P. M. vs. 
2o diameter for a surface cutting speed of 916 feet 
per minute. This eut_ve 0S is a non-linear curve 
since the curve approaches the horizontal and 
vertïcal axes asymptotically. It will be seen_ that 
this curve 0 is a non-linear ourve since the 
.5 spindle speed.must double each rime the diam 
eter halves. Curvea 1, 1! and i are_ spindlc 
P. P: tf. vs. diameter curves also, and represen 
surface cutting speeds of 458 feet per minute, 
229 feet per minute, and 115 feet per minute 
30 The curves 1{1, 1! and 12 are non-linear, just as 
is the curve 0,. and the curves , 1, 11 and 2 
constitute a ïamily of curves re_presenting the 
various surfacecutting speeds. 
The operat0r need only know the type of ma- 
35 terial he is cutting and fo be able to look up this 
material on a chart to show the correct surface 
cutting speed for that material. To obtain this 
particular surface cutting speed on this engine 
lathe incorporating the invention, the operatï 
40 then selects a gear ratio that will permit him fo 
have a maximum motor speed for the particu!ar 
surface cutting speed' desired.. To illustrate, let us 
assume that the operator desires a surface eut- 
ring. speed of 3_43. feet per minute. According fo 
45 the graph of Figure 2, if wfll be se'en that the 
operator could select fourth geaç which would 
mean that he wou!d commence operation ai the 
point 13 since this is ourth gar maximum speed, 
and would end ope'ration at the point ï which 
 is f0urth gear minimum speed. ï-Iowe'ver, this 
would mean this maximum, motor speed would 
be only 37 per cent of the rated Speed of the 
met0r. It wiI1 likewise be seen that the operator 
cold select thLrd gear and oprate between thc 
 points !§ and 0, giving him a maximum speed of 
the metor of 75 Per cent. Other choices would 
be possible as. the' material, to be cut increases in 
hardness, therefore" necessitating a !ower surface 
cutting speed, As the' surface cutting speed de- 
o creases, the operator should select a lower gear 
ratio such as second gear or even first gear in 
order fo obtain this srface cutting speed while 
maintaining a motor speed as high as possible. 
The compensating mea'_ns 20 is provided fo 
., maintain the surface cu.tting spee.d more nearly 
constant thoughoIt the range of movement of 
the cro.ss-slide I2. As the firs potentiometer 25 
is moved downwardly, as shown in the figure, the 
ouput voltage applied to the generator fild 3 
îo is nc'eased. This causes a. heavier load fo be 
placed on the controllable rectifier 2, and there- 
fore the compel]sating mans 20 bas been pro- 
vided fo incease th outpat of the contço]!able 
rectifier 4 to. eliminate what wou]d otherwis_e 
î5 be a slightly drooping characteristic in the vol- 
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age regulation of the controllable rectifier 24. 
The third potentiometer 38 of the compensating 
means 28 is connnected by the linkage means 4 
fo the first potentiometer 25, and as the first 
potentiometer 25 is moved downwardly, the third 
potentiometer 35 is also moved downwardly. This 
downward movement of the third potentiometer 
39 increases the positive bias on the cathode 43 
of the second thermionic tube 38, which de- 
creases the electron fiow through this second 
thermionic tube 38, which decreased fiow of elec- 
tron current charges the condensers 33 and 34 
to a lesser degree, effecting a lesser bias on the 
gaseous rectifier system 2, with a consequently 
greater output from the controllable rectifier 
If wfll thus be seen that as the first potentiome- 
ter 2 is moved downwardly to increase the volt- 
age applied to the generator field -3, that the 
compensating means 28 causes the controllab!e 
rectifier 24 to produce a slightly greater output, 
thereby compensating for the increased load 
drawn by the generator field 23. In actual prac- 
tice, we have been able fo maintain the surface 
cutting speed constant within plus or minus 3 
per cent for the entire range of the continuously 
variable surface cutting speeds of the lathe [ [. 
The indicating means 4 provides a simple and 
reliable means for determining the surface cut- 
ring speed. The linkage means 3 that intm'- 
connects the gear lever [$ and the switch lever 
49 provides ïor cutting in more or less resistance 
of the tapped resistor 47 by the tap switch 
Since the tapped resistor 47 is in series with the 
third rectifier tube 58 and the fourth potenti- 
ometer [, the a.mount of resistance present in 
this circuit as established by the position of the 
switch lever 4 wi11 effect the maximum voltage 
obtainable across the fourth potentiometer . 
The direct current voltmeter 4 is connected 
across the fourth potentiometer 5[, and obtains 
a variable voltage therefrom. The fourth po- 
tentiometer  ! is connected by the linkae means 
4 fo the first potentiometer 25, and moves in ac- 
cordance therewith. As shown in the figure, 
when the first potentiometer 2 is in its down- 
most position, that is, furnishin a maximum 
voltage output from the controllable rectifier 
to the generator field, the fourth potentiometer 
 is likewise in its downmost position. In the 
downmost position of the fourth potentiometer 
, a maximum voltage from this fourth potenti- 
ometer l is applied to the indicating meter . 
The amount of resistance in the circuit of the in- 
dicating means 4 is then limited on]y by the 
amount of resistance determined by the tapped 
resistor 47 and the tap switch 43 connected 
thereacross. The constants of the circuit bave 
been so established such that when the gear 
lever I is in the high or ïourth speed position, 
and the fourth potentiometer l is in its down- 
most position, the indicatina meter 4S will indi- 
cate a full-scale reading, which would be 916 
feet per minute, according to the values given as 
examples hereinbefore stated. For convenience, 
the indicating meter 4 may be directly cali- 
brated in surface feet per minute, rather than in 
volts. If the gear lever I, and consequently the 
switch lever 4 is moved to the third position, the 
amount of resistance then introduced into the 
circuit of the indicating means 4 by the tapped 
resistor 47 will be sufficient to reduce the volt- 
age drop across the fourth potentiometer  so 
that the indicating meter 4 will then read to 
the scale division indicating 458 surface feet per 
minute. The second and first positions of the 
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gear lever I and switch lever 4 will then in a 
like manner produce scale readings of 229 and 
115 surface feet per minute of the indicating 
meter 45. Since the fourth potentiometer  is 
5 directly connected by the linkage means 4 to 
the first potentiometer 2, as this first potenti- 
ometer 2 is moved upwardly to reduce the maxi- 
mum amount of voltage applied to the generator 
field 23, the fourth potentiometer  will like- 
10 wise more upwardly to reduce the voltage ap- 
plied to the indicating meter 45, and thereby 
produce an indication of the variation between 
successive scale divisions on this indicatin 
meter $. 
15 Our control system provides a substantially con- 
stant surface cutting speed, which in practice bas 
been shown tobe within plus or minus 3 per cent 
variation in the surface cutting speed at any pre- 
determinable setting, and this accm'acy is derived 
20 from a particular feature of out invention. As 
the cross-slide 2 moves inwardly, the rotational 
speed of the workpiece 4 must vary non-linearly 
in order to obtain constant surface cutting speed. 
This may be shown by the fact that as the cross- 
25 slide moves from its outermost position to a half- 
way position toward the axis of the woïkpiece 
the speed of the workpiece 4 must double, and 
likwise as the cross-slide  2 again moves half the 
remaining distance toward the axis of the work- 
30 pice , the speed of the workpiece [4 must again 
double to maintain constant surplace cuttin speed. 
This shows that the speed of the workpiece 4 
must double as the cross-slide  halves the re- 
mainin distance to the axis of the workpiece 
:i or that the sped of the workpiece  must vary 
non-linearly with respect to the movement of th 
cross-slide [.. This is graphically shown by the 
curves 8, 7, 7 and 72 of Figure 2. To have the 
cross-slide  directly control a potentiometer 
.:¢1 across the output of a rectifier, that potentiom- 
eter would then need tobe a tapered potenti- 
ometeï which taper was non-linear. To construct 
such a taper potentiometer is extremely difficult, 
and would be subject to variations such that the 
4,3 surfac cutting speed could hot be maintained 
constant within the close limits of accuracy ob- 
tained by out system. In out control system, the 
second potentiometer 7 is a linea.r potentiom- 
eter so that this difficulty is obviated, and by the 
5O novel construction of our control system, this lin- 
ear potentiometer 3 , produces a non-linear vari- 
ation in the output of the controllable rectifier 
which non-linear variation is exactly that de- 
sired tobe applied fo the spindle motor 7 fo 
5 maintain a constant surface cuttin speed. The 
first potentiometer " is likewise rnade linear 
therefore obviating the necessity of a tapered po- 
tentiometer across the output of the controllable 
rectifier 24. 
60 Although we bave described out invention in its 
preferred form with a certain degree of particu- 
larity, itis understood that the present disclosure 
of the preferred fomîa has been ruade only by way 
of example and that numerous changes in the 
65 details of construction and the combination and 
arran2ement of parts may be resorted to without 
departing frein the spirit and the cop of the 
invention as hereinafter claimed. 
What is claimed is: 
70 1. In combination with a machine havin 
first element a»i a rotating element, the provision 
of drive nEeans for rotating aid rotating e!ement, 
means for providing relative movement between 
said first element and the axis of said rotating 
7, element, power transmission means having a plu- 
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rality of selectable speed ratios for connecting 
said drive means te said rotating element, auto- 
maria means for varying the speed of said drive 
means over a tir.st speed range in accordance with 
the relative mevement between sa-id first element 
and the ax]s of said rótating e]ement, and elec- 
tric means independent of said automatic means 
for varying the speed of said drive means over a 
second ',peed range ai least qtal te the incre- 
ment between successive speed ratios of said power 
transmission means. 
2. In combination with  achine having a ro- 
tating element, the provision of a control system 
for obtainin2" any contiiuouSly variable prede- 
terminab!e rotational speed of said rotating ele- 
ment, said control system comprising, drive means 
for rotating said rotating element, lectric means 
for controlling the rotational speed of said drive 
means, a controilable rectifier sstem for appiy- 
ing a variable voltage t0 said electric means, a 20 
plurality of selectable power transmission means 
having different speed ratios for connectiPig Said 
drive means te said rotating element, and means 
for varying said electric means te vary the speed 
of said drive means over a speed range af least 23 
equal te the increment between the speed ratios 
of successive power transmission means. 
3. A control system for an electric motor pro- 
viding relative rotational movement between first 
and second members, said first and second mem- 
bers adapted te bave a relative translational 
movement, said system comprising dynam0elec- 
tric means havin a variable energy output fer 
controlling the rotational speed of said electric 
motor, a controllable rectifier system for applyin2 
a variable voltage te said dynamoelectric means, 
linearly variable mean for automatically vary- 
ing the output of said controllable rectifier in 
accordauce with said translational movement of 
said rnembers, and manual means for predeter- 
minably selecting any relative rotational surface 
speed of said members over a cóntinuously vari- 
able range, said manual means including a plu- 
rality of selectble powm" tranSmïsi0n means 
having different speed ratios for connecting said 4 
electric motor te af least one ol said members for 
providing said relative rotational movement, and 
linearly variable electric mèans for varyig the 
speed of said electric motor over a speed range 
af least equal te the increment betweèn tle speed 0 
ratios of successive power tranmïssion means. 
4. A control system for a drive means providing 
relative rotational movement between first and 
second members, said first and second members 
adapted te bave a second relative movement  
other than rotational, said system comprising, a 
generator having a field and a variable energy 
output for controlling the rotational speed of said 
drive means, a controllable rectifier system for 
applying a variable voltage te said field, means {{) 
for automatically varying the output of said con- 
trollable rectifier in accordance with the second 
relative movement of said members, and manual 
means for predeterminably selecting any relative 
rotational surface speed of said members over a 6 
continuously variable range within the limits of 
the drive rneans, said manual rneans including a 
plurality of selectable power transmission means 
having different speed ratios for connecting said 
drive means te af least one of said members, and ?O 
variable electrical means for varying the speed of 
said drive means for a speed range at least equal 
te the increment between the speed ratios of suc- 
cessive power transmission means. 
5. A control system for a drive means provid- 

ing relative rotational movement between first 
and Second members, said ï2rst and second mem- 
bers adapted te bave a second relative movement 
other than rotationl, said sys.em comprising, a 
5 variable voltage direct curent generator for sup- 
plying energy te said drive means, said generator 
having a field and an armature, motive means 
for said armature, a conti'oilable rectifier system 
for applying a variable voltage te said field, auto- 
I0 matic means for automatically varying the out- 
put of said controllable rectifier system in accord- 
ance wih said second relative movement, and 
manual means for selecting any continuously 
variable relative rotational surface speed within 
, the lirnits of said drive means, said manual means 
including a plurality of selectable gearing means 
having different gear ratos for connecting said 
drive means te one of said members for said rela- 
tive rotational movemen, and variable electrical 
means for varying the speed of said drive means 
over a range of apProximately X te 1, said plu- 
rality of gearing means each having a gear ratio 
approximately X rimes as great as the precding 
gear ratio where X is a number of the order of 
two or three. 
6. A control system for a mener rotating a first 
member about an axi.s, a second member, said 
members adaped te have a relative movement 
between the axis of said first member and said 
:]0 second member, said control system comprising, 
a variable voltage direct current generator for 
supplying, energy te said motor, said generator 
having a field and an armature, motive means for 
said a.rmature, a controlla.ble rectifier system for 
:5 applying a variable voltage te said field, auto- 
matic means for automatic.ally varying the out- 
put of said controllable rectifier system in accord- 
ance with said relative movement, and manual 
means for selectin2  any continuously variable 
40 rotational surface speed o said first menîber rel- 
ative te said second member, sid manual 
including a plurality of setectable gearing means 
having different gear ratios for connecting skid 
motor te said first member, variable electrical 
means for varying the speed of said motor over 
a range of apprOximtely X te 1, said plurality 
of gearing meanS each having a gear ratio 
proximately X rimes as great as the preceding 
gear ratio where X is a number of the order of 
two Or three, Said controtlable rectifier including 
a. ïul! wavé gaseous rectifier ystém,  first ther- 
mionic tube for varying the bias of said gaseous 
rectifier system, a first biasing Potentiometer ïor 
varying the bias of said fa'st thermionic tube, and 
compensating means for compensatingly varying 
the bias h] ccordance with varying load require- 
ments of said controllable rectifier. 
7. A control system for a motor rotating a 
îïrst member about an axis, a second member, 
said members adapted te have a relative more- 
ment between the axis of said first member and 
said second rnember, said control system com- 
prising, a variable voltage direct current 2ener- 
ator for supplying energy te said rnotor, said gen- 
erator having a field and an armature, motive 
rneans for said armature, a controllable rectifier 
system fo]' applying a variable voltage te said 
fieid, automatic means for automatically vary- 
ing the ouPut of said controllable rectifier sys- 
rem in accordance with said relative movement, 
and manua! means, said manual means inc!udin2 
a plurality of selectable gearing means havin2 
àiiïerent gear ratios for connecting said notor 
te said first member, variable electrical means 
for varying the speed of said motor over a ran2e 
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of approximately X fo I, said plurality of gear- 
ing means each having a gear ratio approxi- 
mately X rimes as great as the preceding gear 
ratio where X is a number of the order oï two 
or three, said controllable rectifier including a 
full wave gaseous rectifier system, a first ther- 
mionic tube Ïor varying the bias of said gaseous 
rectifier system, a first biasing potentiometer 
varying the bias oï said first thermionic tube, 
and compensating means ïor compensatingly 
varying the bias in accordance with varying load 
requirements oï said controllable rectifier, said 
compensating means including a second ther- 
mionic tube connected fo vary the bias of said 
gaseous rectifier system, a second biasing po- 
tentiometer ïor varying the bias oï said second 
thermionic tube, and mçans for varying said sec- 
ond biasing potentiometer in accordance with 
the change of said inanually controlled variable 
electrical means. 
8. A control system for a motor pïoviding rela- 
tive rotational movement between first and sec- 
ond members, said first and second members 
adapted fo bave a second relative movement 
other than rotational, said system comprising, a 
variable voltage direct current generator for suD- 
plying energy fo said motor, said generator hav- 
ing a field and an armature, motive means 
said armature, a controllable rectifier system for 
applying a variable voltage to said field, auto- 
matic means for automatically varying the out- 
put of said controllable rectifier system substan- 
tially as a nonlinear function of said second rela- 
tive movement, and manual means, said manual 
means including a plurality of selectable gearing 
means having different gear ratios for connect- 
ing said motor to one of said members for said 
relative rotational movement, variable electrica! 
means for varying the speed of said motor over 
a range oî approximately X to I, said plurality oï 
gearing means each having a gear ratio approxi- 
mately X rimes as great as the preceding gear 
ratio where X is a number of the order of two 
or three, said controllable rectifier including a 
full wave gaseous rectifier system, a first ther- 
mionic tube Ïor vrying the bias oï said gase- 
ous rectifier system, a first biash]g potentiometer 
îor varying the bias oÏ said first thermionic tube, 
and compensating means for compensatingly 
varying the bias in accordance with vaTing load 
requirements of said controllable rectifier, said 

12 
compensating means including a second ther- 
mionic tube connected fo vary the bias of said 
gaseous rectifier system, a second biasing po- 
tentiometer for varying the bias oï said second 
thermionic tube, and means for varying said sec- 
ond biasing potentiometer in accordance with 
the change of said manually controlled variable 
electrical means, said automatic means including 
said first thermionic tube, said first biasin po- 
tentiometer, and means ïor varying said first 
biasing potentiometer in accordance with said 
second relative movement. 
9. A control system for an electric motor pro- 
viding relative rotational movement between first 
and second members, said first and second mem- 
bers adapted fo have a second relative more- 
ment other than rotational, said system com- 
prising, a variable voltage generator ïor supply- 
ing energy to said electric motor, said generator 
having a field, a controllable rectifier system for 
applying a variable voltage to said field, linear!y 
variable automatic means for automatically wry- 
ing the output oï said controllable rectifier sys- 
rem in a nonlinear manner in accordance with 
said second relative moiement, and manual 
means including a plurality oï selectable power 
transmission means having different speed ratios 
for connecting said electric motor to ai least 
one of said members for said relative rotation,! 
movement of said members, and linearly vari«ble 
electl.ical means for varying the speed of said 
electric motor over a range of approximaely X 
to 1, said plurality oï power transmission means 
each having a speed ratio approximateiy X time 
as great as the preceding speed ratio where X is 
a number oï the order of two or three. 
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